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ABSTRACT

Army artillery units stationed worldwide must determine both
the types and amounts of ammunition they will carry into combat:
the unit basic load (UBL). Currently each unit independently
determines its UBL; the decision is based solely on the experience
of the unit commander. This report recommends a quantitative
method for determining the UBL which will increase the combat
effectiveness of all artillery units.

Since the dimensions of all types of cannon ammunition
components are virtually identical and the capaciti;s of all
vehicles are known, units can estimate the maximum amount of
ampunition which can be carried by solving a series of simple
linear programing problems. This amount is then reduced by
applying vehicle reliability estimates to determine the expected
number of complete rounds available for combat. The mixture of
ammunition component types depends on munition effects, the
expected target array, and the relative importance of targets.

By assigning a numerical combat power value to each expected
target by a Delphi Method and selecting the optimum munition to
engage each target type, units can formulate a second linear pro-
gram which optimizes overall effectiveness. The solution to this
linear program, constrained by the number of complete rounds
available and the number of targets acquired, gives the amount of
ampunition by type which should be carried. The nature of this

linear programing formulation is such that a manual solution
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\ Application of this method ensures that all factors o
¢ influencing UBL composition are considered in detail. The ff
) ~
$ solution of the optimum effectiveness problem, by either linear —
; programing or manual means, and the analysis of the solution f”
2
) provide a basis for final decisions regarding exact UBL ]
; composition and loading location. The cost of applying the :
: method is minimal, and all artillery units can apply the method ?;
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GLOSSARY OF ABBREVIATIONS

Aerial observer

Anti-personnel improved conventional munitions projectile

All source intelligence center
Ammunition supply point

Battery commander

Dual purpose improved conventional munitions projectile

Direct support mission

Field artillery scatterable minefield projectile

Fire direction officer

Forward edée of the battle area
Forward observer

Fire support officer

Green bag propellant charge

General support mission

General support reinforcing mission
High explosive projectile
Illuminating projectile

Joint munitions effectiveness manuals
Linear programing model

Measure of effectiveness

Mechanical time fuze

Mean time between failures

155 mm self-propelled howitzer
8-ton wheeled cargo vehicle

6-ton tracked cargo vehicle
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OR - Operational readiness percent i
PD - Point detonating fuze 4
Q-36 - Counter mortar radar i
Q-37 - Counter battery radar E
R - Reinforecing mission %i
RAP - Rocket assisted projectile 5
SMK or HC - Smoke projectile #
S-2 - Battalion intelligence officer
5-3 - Battalion operations officer

TACFIRE - Digital fire direction computer

TOE - Table of organization and equipment

UBL - Unit basic load of ammunition

VT - Variable time or proximity fuze

WB - White bag propellant charge

WP - White phosphorus projectile

8 - Zone 8 propellant charge

Note: Non-standard abbreviations are used for target types

which form the basis for linear programing decision
variables. Target type abbreviations used in this study
are listed in Appendix F.
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. complete rounds and the ammunition component types included in the
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EXECUTIVE SUMMARY

The unit basic load (UBL) is the quantity of ammunition com-

ponents carried into combat by artillery units. This ammunition

must sustain the combat operations of the unit during the initial

- ;‘L:r-&‘ Pyttt '.]!

stages of combat until resupply can be accomplished. Since many

more targets will be acquired than can be engaged, the amount of R

UBL will be a primary determinant of the artillery unit's success
in the initial stages of combat.

Currently each battalion commander determines the composition
of the UBL based on a subjective evaluation of his unit's mission,
expected target array and load carrying vehicle capabilities. This
approach fails to consider several factors affecting UBL composi-
tion. More importantly, the subjective approach does not firmly
establish a sound measure of UBL effectiveness upon which UBL
composition decisions may be based. In practice, this results in
a wide variation between supposedly optimum UBL's.

This report examines all factors affecting UBL composition,

establishes a measure of effectiveness for the UBL, and recommends

a quantitative approach to solving the UBL problem. The quantita-

tive approach establishes ways to estimate:

]
PP

. e, e
. Eotete

a. Unit maximum carrying capacity

A |1

b. Ammunition vehicle reliabilities

e e
Scnd &

c. Expected target types, numbers acquired and target

range distributions

d. Situational relative target values

..............................................
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e. Effects of engagement on enemy combat power or engage-
ments benefits
f. Ammunition amounts and types required for engagement or

engagement costs.

These estimates are then included in a logical, sequential method
whose ultimate objective is to maximize the decrease in enemy
combat power, as quantified by the relative target values, con-
strained by the total amount of available ammunition and the
number of targets which will be acquired. A linear programing
approach to optimization is developed which leads directly to a
manual heuristic solution method that yields results identical to
the linear programing solution. The manual solution method can be
implemented in all active artillery units with a minimum of train-
ing and requires no external computer support.

The quantitative method provides a solution which specifies
which targets should be engaged in combat, the level of engage-
ment, and the proportion of ammunition components by type which
should be included in the UBL. While the limited state of the art
of target value assessment precludes direct application of the
solution values to the UBL, the solution values and their sensitiv-
ity to changes in relative target values gives the battalion com-
mander a sound basis for final decisions regarding UBL composition
and a thorough understanding of how UBL selection will influence
his unit's effectiveness in combat. Additionally, the quantita-

tive method requires analyses of vehicle reliabilities and target
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'fg acquisition capabilities which will affect his unit's combat

{’J effectiveness and which he may not have considered separately.

;E Application of quantitative UBL method will: 1
ﬁﬁs 1. Ensure that all key considerations are examined in detail 4

b By SRS

2. Provide insight into the nature of both the UBL problem

and artillery combat effectiveness that will assist in

T
1

1 'r";‘l ll,l.
A

the final determination of UBL composition

"'v‘,‘i"f LY

3. Identify possible problems in vehicle fleet reliability

¢
b B e

;Tf and target acquisition orientation that may hinder

combat performance

v AN Increase awareness of the importance of target selection s
%ﬁ and assessment to combat effectiveness among the junior f
-Sf; officers who provide fire support in combat.

- The only cost of implementing this method in a field unit is in
»§§ the training time required to assemble data and complete the
gg analysis. By combining data gathering with compatible regularly
1{ scheduled training, this cost is limited to an estimated 40 hours
i%% for the battalion S-3, who is in charge of the analysis, over and
;%% above current scheduled training.

‘5f While continued study of target value assessment methods may
.igj improve the accuracy of the quantitative solution, the method can
%ﬁ be applied now with a reasonable expectation of improving both UBL
K:; composition and artillery unit effectiveness. The wide ranging
%EE benefits which accrue from implementation of this quantitative
é&% method to determine UBL composition are both substantial and rel-

gl evant to every field artillery battalion. Considering the minimal
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\ contingency mission should apply the method to reconsider their 9

UBL composition. Even if no change in UBL is warranted, the ;;
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I. INTRODUCTION

I.1 Background

The mission of all field artillery units is to provide
timely and accurate indirect fire support for maneuver forces.
While many factors influence the ability to accomplish this
mission, the type and quantity of ammunition available for
expenditure is a primary determinant of artillery combat power.
Without ammunition that can hit the targets which are located,
and cause casualiies to the wide variety of target types that are
expected, no artillery unit can be effective.

When ordered into a combat situation, artillery units draw e
predetefmined amount of ammﬁnition from consolidated supply
points. The unit cerries the ammunition forward to its initiel
combat positions on its assigned load carrying vehicles. This
quantity of ammunition, defined as the unit basic load (UBL),
rust susveain the unit's combat operations until forward resupply
points can be established and more ammunition can be issued.

Unlike simple rifle ammunition, artillery ammunition allows
great flexibility in range, trajectory and target effects. This
gllows optimal use in a wide variety of tactical situstions
egainst different target types. A complete round of separate

loading artillery ammunition is shown in Figure 1.

Fuze Projectile Propelling charge Primer

Figure 1. Components of a complete round
of artillery smmuniiion.
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In a given tactical situation, the correct combination of
these components will produce the maximum amount of casualties
and/or materiel damage against a specific type of target.
Obviously, both the quantity and types of ammunition components
that are included in the unit basic load will determine the
overall effectiveness of an artillery unit during the initial
stages of combat.

I.2 Problem Definition

Since the unit basic load must be stored in readiness for
possible contingencies, its exact composition must be determined
prior to hostilities. Currently, artillery battalions
independently determine their unit basic load. The ;rtillery
battalion commander coﬁsiders:

1. the battalion's mission

2. the expected distribution of enemy targets

3. the availability of cargo carrying vehicles.
Based on these factors and his experience he subjectively
determines the relative amounts of each type of component that
will maximize his battalion's combat power. The maximum amount
of ammunition which can be loaded on the unit's assigned
vehicles, while complying with the commander's guidance on its
relative composition, is determined experimentally by testing
various vehicle load configurations using actual ammunition
components.

The inadequacy of this subjective/experimental approach is
demonstrated by the wide variation of supposedly optimum UBL's
determined by identical units facing similar expected enemy

target arrays. A quantitative method to determine UBL's will
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improve the effectiveness of all artillery units by providing
data on the quantity and type mixture which will optimize the
battalion's combat power in a specific tactical situation. The
battalion commander can then review this quantitative data,
examine the sensitivity of the models to changes in estimated
values, and make an informed final decision on the composition of
the unit basic load. At present, the factcrs affecting the UBL
have been discussed in the literature but no quantitative

procedure which will optimize the battalion's UBL with any degree

e

of certainty exists.

I.3 Factors Influencing Basic Load Composition

RIST W5 RARATEAID | =

In attempting to produce a quantitative method which will
lead to an optimum effectiveness UBL, the factors which influence
our decisions must be examined in detail. Both the availability
and accuracy of existing data will be a primary determinant of ﬁ

which quantitative methods can be applied and the reliability of

their results. The factors affecting the UBL problem range from

those which can be determined with absolute certainty (ammunition
component dimensions) and situational variables that may be
reasonably estimated as expected values (vehicle reliability,
expected threat) to those which are truly subjective and require
assumptions (requirements for special munitions). Factors which
can be determined with relative certainty include:
a. Ammunition component dimensions. The physical
dimensions of the variety of projectiles, fuzes and

propellant charges will affect the unit's maximum carry-

ing capacity. This data is readily available in

technical manuals.
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b. Load carrying vehicle characteristics. The
dimensions, reliability and number of available cargo

vehicles determine the maximum amount of ammunition
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that can be expected to be available at the initial
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combat locations following tactical deployment from
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peacetime stations. Vehicle dimensions and capacities
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are listed in technical manuals and the number and
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types of authorized vehicles for each unit are found in

PO

Tables of Organization and Equipment (TOE).

The failure of vehicles during deployment will reduce the

amount of ammunition available for engagement. Fleet reliability

can be estimated by application of reliability theory to

experimentally determined data.

The factors influencing the type mixture of ammunition are

entirely dependent on the combat situation faced by the artillery

battalion. These considerations and their impact on the UBL
problem include:

a. Artillery mission assignment. Field artillery
battalions are assigned one of four standard missions:
direct support (DS), reinforcing (R), general support
(GS), general support reinforcing (GSR). Missions are
assigned by higher headquarters as a method of
allocating artillery combat power. Each standard
mission defines the maneuver force which the artillery
battalion will support in combat and consequently
limits the expected target array to the enemy threat

faced by the maneuver force supported.
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Friendly situation. Logistic unit plans will specify
the time required to set up forward ammunition supply
points (ASP). This will determine the time during
which the UBL may be expended. The plans of the
maneuver force supported will influence the amount of
special ammunition required to support the operation
and reduce the amount of target effects ammunition
available for target engagement.

Enemy situation. The organization, intentions and
tactics of the enemy will affect the plans of friendly
forces and will determine the type, amount and distrib-
ution of possible targets; the expected target array.
Analysis of the expected threat is an art in its own
right which far exceeds the scope and purpose of this
paper. Fortunately, this analysis has been completed
for a wide variety of possible contingencies and enough
information to determine an expected target array for a
specific situation is readily available. Since a single
combination of artillery ammunition components will
maximize the casualties and/or equipment damage on a
particular type of target, the impact of the expected
target array on the mixture of component types within
the UBL is most significant.

Ammunition effectiveness. In addition to the importance
of target type, the casualties caused by any shell/fuze
combination are affected by target posture, terrain and

weather. The propelling charge which will provide the
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.................
...........................................
......................

........................




LR S A B AR St o' Breh aba pie R el ML S MARC) Rl abaSalid” sl el Lt ol £5af et o halhdha it At Rart oiinl JiaA el . oM T TR TYERTRE T

best trajectory characteristics in a particular situa-
tion is solely a function of the range to the target. %j

The casualty producing potential of various shell/fuze

combinations has been determined experimentally by
exhaustive testing and is tabulated in the joint
munition effectiveness manuals (JMEM) and included in
the tactical fire direction subroutines of the current
fire direction computer (TACFIRE).

e. Target acquisition assets available. Targets which can
be engaged are acquired by forward observers, indirect
fire locating radars, aerial observers, and a wide range
of intelligence sources. The capabilities of these
assets will determine the number and type of targets that
will be acquired in a given situation. The location
accuracy of each target agency will influence the amount
of ammunition required to achieve a specified level of
casualties on a target. The expected accuracy of each
target acquisition asset has been determined experiment-
ally and is included in the TACFIRE data base. The
capabilities of each system are affected by terrain,

weather and enemy situation in the area of combat

operations.

To provide a reasonable degree of accuracy, any UBL

computation method must address each of these factors by apply-
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ing the most accurate data available for the particular solution.

The wide variation in current UBL's can be attributed to either

inaccurate data bases or, more probably, a failure to consider

one or more of the above factors. Due to the situational nature
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of many of the key variables to be considered, no method of
computation will be foolproof. At a minimum, a quantitative
method will ensure that no key considerations are overlooked.
I.4 Measures of Artillery Unit Effectiveness

The UBL that we determine will be a function of the
variables discussed above and the overriding objectives which we
hope an optimum UBL will accomplish., The measure of effectiveness
(MOE) which we select will determine both the quantitative
methods of solution available and how we will quantify the
situational variables. Due to the complex nature of combat and
the large number of variables which affect the ultimate outcome
of any engagement, a wide variety of combat models have been
developed during the last century. Each model attempts to
predict the outcome of an engagement in hopes of indentifying
those factors critical to success in combat. All define success
in combat as accomplishment of a force's stated objective; the
objectives have been stated in terms of seizure of terrain, speed
of advance, destruction of enemy forces, minimization of friendly
casualties, or some combination of these objectives. While this
definition of success in combat is appropriate for maneuver
forces, it is much too broad to apply to artillery units since
all artillery units simply provide fire support to assist
maneuver units in accomplishment of their objectives.

Current U.S. doctrine focuses its attention on localized
force strength ratios to predict the outcome of engagements.
Success is defined as accomplishment of unit objectives which are

defined in terms of terrain defended or gained and destruction of

enemy forces to produce favorable force ratios. Based on histor-
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ical data, defenders will be successful if they are attacked by

forces of less than twice their combat power. ttackers will be
successful if they can concentrate six times the combat power of
the defender. Figure 2 shows the relationship of force ratios to

success in combat.

Defender’s Datenss Suscoedt . — is)

Ovtcome
Uncerrasn

Strength

i8)

2)

(k1 ‘._""_*‘Suuoocg
St o—

— —

Attacker's Strength

Figure 2. Force ratios and expected outcome.

Unlike some previous force ratio predictors which used de-
tailed computations to determine exact force ratios based on the
totel number of units present on the bzittlefield, this represent-
etion is only presented to undersitand the current concept of
battlefield dynamics. The local force raitio changes as units
enter combat and casualtiies zre inflicted. The curved line shown
on Figure 2 represenis a hypothetical engagerent. The defender
initially contirols the terrein of his choice and enjoys a favor-
able strength ratio (1). After probing the defensive position
the attacker deploys into an ettack formation rapiédly increasing
his locel strength (2). If enough combat power can be applied the
ettacz will be successful (3). If the defender commits reserve

forces sufficient to offset the attacker's arriving forces (4),
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given his inherent ability to inflict a higher relative amount of
damage, his defense will be ultimately successful (5). Thus, the ii:
primary determinant of success in an engagement is the ability to L
maintain freedom of action and control the disposition of enemy

forces in space and time. ‘

While this measurement of success remains too general for

our purposes, this concept formed the basis for a series of

studies known as the Fire Support Mission Area Analysis. The

E studies, presently ongoing, attempt to determine methods to

& increase the combat power of artillery units by suggesting
changes in artillery tactics, equipment, munitions, organization
and procedures. One of the results of this study suggests that
the value of various térget types 1is situational and that in a

[ given situation, certain key targets, if destroyed, will greatly

decrease the enemy's freedom of action and consequently his
ability to attain favorable local strength ratios.
Recognizing the limited current state of the art in target ZfQQ
value assessment, our objective in combat should be to minimize
the enemy's flexibility by maximizing the destruction of critical
target types that are most important to the enemy's success in a

particular situation. Thus the MOE for the unit basic load is

.|,

T

the expected decrease in enemy combat power resulting from i

e v S r Yy
PV A s

N
v i, 4
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expenditure of the unit basic load. The quantification of this

X

Co,
'y

decrease, which we hope to maximize, will be discussed at length -
in Chapter III. 7;;
I.5 Solution Method Selection L

The quantitative method selected to solve the UBL problenm

must allow incorporation of all factors affecting the problem,

...........
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optimize the MOE in a specific situation, be flexible enough to
N allow application in a wide variety of strategic and tactical
situations, and allow implementation with a minimum amount of
{; additional resources above those already available in the field.
i{ Considering our MOE it is apparent that we will be unable to
o quantify the benefits of any solution in monetary terms.
Due to the large number of situational variables, simulation

e would at first appear to be a valid approach. However the avail-
able combat simulations and games do not consider many of the
factors critical to the UBL problem. While additional rules
could be developed, implementation in the field would require
- - numerous iterations to achieve a reasonable expectation of an
. optimal solution. Since many of the variasbles are probabilistic

and there are complex interrelationships between variables, non-

linear programing appears potentially useful. This approach, no
. matter how accurate, cannot be implemented in any unit without
considerable training of users and provision of computer solution
methods. Linear programing appears to provide a basis for an
accurate solution which can be implemented with a minimum commit-
ment of additional resources.

We have identified a MOE which we hope to optimize and

o factors impacting on the problem which will serve as constraints.
e While the MOE and constraints must be quantified in some
systematic manner, this approach appears to meet the accuracy and
1% flexibility requirements. Linear programing computer packages,
 “¢€ although not directly available to field units, are widely
:ﬁy available and can be used with minimum training. The relatively

nﬁ straightforward formulation and solution of LP's as well as the
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availability of sensitivity analysis, to reconsider the
coefficients determined for the key situational variables,
appear to make the LP approach to the problem most appropriate.
As will be shown in the analysis of the LP solution, the LP which
solves the UBL problem will lead to a straightforward manual
solution method whose accuracy will equal that of the LP
formulation.
I.6 Application of Linear Programing Approach to the UBL Problenm
While it is possible to develop a single LP formulation
which will simultaneously consider all of the key factors, from an
implementation standpoint it is preferable to develop a method
which considers the various aspects of the problem sequentially.
As long as optimum decisions are made at each stage of the process
in view of the ultimate MOE, this approach should yield rezults
approaching those of a single LP formulation.
Given the above MOE, maximizing the number of complete
rounds available in the initial combat positions will contribute
to attainment of our ultimate objective. This amount is con-
strained by the carrying capacity of the vehicle fleet and
loading requirements. Since all ammunition dimensions are similar
and vehicle capacities known, a straightforward LP which estimates
the maximum number of complete rounds loaded can be formulated
and solved. This amount will be reduced by vehicle failures that
can be predicted from reliability data, and the number of
complete rounds expected to arrive can be determined.
In combat the artillery battalion controls which targets, of
the many available, will be engaged and how much ammunition should

be expended during each engagement. They will be limited by the
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amount of ammunition available for target engagement and the

number of targets located by the target acquisition system.

Maximum effectiveness will only be attained if each target select-
ed is engaged with the most effective munition for that target

type. Since target values and ammunition effects are situational,

a Delphi method to determine this information is applied. An LP
can now be formulated with an objective of maximizing the decrease
in the combat strength of important target types. By including
the ammunition cost of each engagement in the LP, the solution ;:
will indicate: :
1. which targets should be engaged
2. the level of each engagement
3. the amount of each type of ammunition component required
to support the selected engagements within the
amnunition amount available.

In addition to providing the solution to the UBL problem, the LP

solution will provide sensitivity data that may indicate that the
coefficients of the decision variables which were determined by
the Delphi method may require further revision.

This general approach to the problem appears promising. How-
ever, further analysis requires explicit statement of the LP's
proposed. Due tc the large number of situational values that

impact on the problem, the most efficient development and explan-

ation requires the introduction of an example problem which demon-

strates the basic method of solution as well as developing the Eg
analysis. The situation presented will portray a possible ?E
strategic and tactical situation but, due to classification of ;3
actual unit missions and plans, any similarity to any real unit ?ﬁ
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or plan is purely coincidental.
I.7 Example Situation

The lst Battalion, 83rd Field Artillery (1/83 FA) is a 155 mm
howitzer battalion stationed in West Germany. Its authorized
equipment includes:

1. Eighteen M109A2, 155 mm self-propelled howitzers

2. Eighteen M548, 6-ton tracked cargo carriers

3. Eighteen M520, 8-ton wheeled cargo carriers

b Thirty-six 1 1/2 ton ammunition trailers, one for

each M548 and M520

In the event of imminent hostilities the battalion will be
ordered to execute its contingency plans. Based on intelligence
estimates, this will oécur é minimum of 36 hours prior to the
primary Warsaw Pact forces entry into West German territory.
Upon alert, the battalion loads its combat equipment and moves in
convoy to an ammunition storage depot located 65 km from its
peacetime location. At the depot, the battalion, assisted by the
forklifts and ammunition handlers stationed at the depot, loads
the UBL on its assigned cargo vehicles. Once ammunition loading
is complete, the battalion moves to its initial combat locations,
a distance of 225 km by its authorized route. The total time
from alert to occupation of initial positions requires 26 hours.
Upon arrival, the battalion will have 10 hours to prepare for
combat.

At the commencement of hostilities, the battalion's mission
is to provide direct support to a U.S. maneuver brigade which
includes two mechanized infantry battalions and one armored

battalion. The brigade defends a sector 15 kilometers wide. The
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terrain in the brigade's sector is hilly and approximately 60% of
the area is heavily wooded. Current brigade plans call for the
emplacement of six field artillery delivered minefields in all
situations and eight contingent minefields. In addition, artillery
smoke is required to screen the movement of one company-sized team
during the brigade's defense. No major expenditure of artillery
illumination is planned. Resupply of ammunition will be impossible
until 72 hours after initial alert.

The brigade is expected to be opposed by a Warsaw Pact Motor-
ized Rifle Division. The two primary avenues of approach into
the brigade sector can support one regiment abreast. Intelligence
indicates that the tactics and equipment of this divisfion are
typical of a Soviet division. The division is expected to conduct
a movement to contact until encountering forward U.S. elements,
then deploy into attack formation to conduct an attack from the
march with an ultimate objective located 70 km to the rear of

forward U.S. forces.

The target acquisiton assets available to 1/83 FA include:

1. One Q-36 counter mortar radar attached to 1/83 FA

2. One Q-37 counter battery radar located in the brigade
sector

3. Forward observer teams attached to each maneuver company

e Two aerial observers under 1/83 FA operational control

5. Access to all-source targeting information through the
TACFIRE system.

I.8 Applicability of Demonstrated Problem Solution

The general situation presented above provides enough in-

formation to apply the proposed solution method in detail. Before
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continuing several cautions are in order. 1In addition to the S

PR
a A

conjectural nature of the situation above, classification of e

;: target value, target acquisition and ammunition effectiveness >
3 data precludes the use of actual data. Estimation of relative S
‘_"l values will be employed so that realism of the solution method is f{?_}
- not compromised. However, the only valid conclusions which can ;;3

& be drawn from this analysis are limited to the appropriateness of
the solution method. Any other inferences from the basic data or
the specific UBL computed for the example situation will be ;:S
5 totally invalid. With this caution in mind, the UBL which o
maximizes the combat effectiveness of 1/83 FA in this particular

§ituation will now be determined.
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ITI. ESTIMATION OF AVAILABLE AMMUNITION

The tactical situation indicates we will acquire many more
targets than we will be able to engage due to the limited amount
of ammunition we can carry. Due to the slight difference in
amnunition component dimensions (Appendix B) the type mixture of
ammunition will affect our maximum carrying capacity. However we
cannot determine which targets should be engaged without
constraining the total amount of ammunition available. Since the
component dimensions are similar, a reasonable approach would be
to first estimate the maximum carrying capacity using the average
component dimensions.

I1. 1 Maximizing Use of Vehicle Capacity

Given the known characteristics of ammunition components and L
load carrying vehicles, a single LP formulation would maximize -;;
the total unit carrying capacity. However the solution may :j;

indicate that all of one type component be loaded on one type

vehicle. Recognizing that some vehicles will fail during

deployment and that the vehicles will be positioned in three
distinct locations upon arrival at the front, a uniform
distribution of ammunition across the vehicle fleet is desired.
A series of LP formulations, one for each type of load carrying
vehicle and its assigned cargo trailer will alleviate this

problem.

The maximum carrying capacity of all cargo vehicles is

constrained by: bﬁ
1. Weight capacity ’lg

o

2. Volume capacity fﬁ

3. Floor space Y

e
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4o Vehicle loading and tiedown requirements

5. Balance requirements.

These basic constraints will apply to all vehicles with open
cargo space. The M109A2 has preconfigured cargo space allowing
34 complete rounds to be carried.

The M548 and 1 1/2 ton cargo trailer system has open cargo
space and a LP must be formulated to estimate its maximum
capacity. Our objective is to maximize the number of complete
rounds carried on the vehicle/trailer system. We control the

number of each component which will be loaded. The M548 must be

loaded so that all components can be tied down; ammunition
components may not be stacked. Thus we are constrained by floor

space. In the trailer; we are constrained by volume since the

load is stabilized by the walls of the trailer and tiedowns are
not required. Both the vehicle and trailer are constrained by
their highway weight capacity which is 507 greater than the rated
cross country capacity; i.e. the highway capacity of the 6-ton
M548 is 9 tons. The LP formulations and solutions for both the
M548 and M520 are included in Appendices D and E.

A cursory glance at the LP solutions shows several
inaccuracies. The solution does not provide integer values for
the decision variables but indicates we should load fractions of
pallets and fuze boxes. While it is possible to load single
rounds and fuzes this will increase the time to complete loading.
Due to the irregular shape of single components we are unable to
accurately portray their inclusion in the LP formulations. While

hﬁ other methods are available that will alleviate this problem,

specifically a branch and bound approach, a search for greater
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accuracy at this point will not be cost effective.

Assuming we will load single components, the non-integer
solution will provide an estimate of maximum carrying capacity
higher than any integer solution. Multiplying the maximum
capacity of each vehicle by the number of each type vehicle and
summing these products yields an estimated battalion maximum
carrying capacity of 5130 complete rounds. The maximum capacity
determined experimentally by a unit in Germany using a mixture of
component types was 4980 complete rounds. Obviously, the LP
solution provides a relatively accurate representation of true
capacity.

The non-integer LP provides an absolute upper limit on carry-
ing capacity that may not be attained when we attempt to physically
load the number of components in the LP solution. As long as units
utilize all available space to load complete rounds of ammunition
without exceeding vehicle weight capacities, their experimental
maximum carrying capacity will approach the quantity determined in
the LP. Consequently units may determine their maximum capacity
experimentally without resorting to LP formulations.

II.2 Vehicle Reliability Estimates

Unfortunately, all the historical data needed to estimate
vehicle fleet mission reliability is unavailable in existing
maintenance records at unit level. Only the monthly operational

readiness (OR) rate for each vehicle type is maintained on file.

The operational readiness rate is computed by:
Operational days ?fa
OR = Operational days + Nonoperational days };g
The OR rate will allow us to estimate how many vehicles are avail- —
18
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The OR rate will allow us to estimate how many vehicles are avail-
able when deployment is ordered but provides no information on
the number of vehicles we can expect to arrive fully loaded in
the initial combat locations.

To estimate mission reliability we must assemble failure data
for the vehicle fleet under conditions approximating those we
will encounter during deployment. This data can be collected in
conjunction with high vehicle use periods during major field

exercises. The specific data requirements will depend upon how

we model the failure distribution.

Since the average life of a vehicle in a unit is about five -d

years and vehicles are replaced at mileages corresponding to an %;
increase in the failure rate, we can reasonably assume that at +?

the time of deployment:
1. All vehicles will have passed the initial high failure +:
period. o

2. No vehicles have entered the end of life high failure
period.

We can reasonably assume that vehicle failures will be exponent-
ially distributed. The exponential distribution is defined by
only one parameter, the mean time between failures (MTBF), which
can be estimated by:

MTBF = M

r
where M is the fleet mileage and r is the number of failures. To
determine the MTBF we must simply document the total fleet mileage
and the number of failures during a major exercise or training
period. The mission reliability is given by:

R(m) = exp [ - m 2 MTBF ]

where m is the required mission mileage. The number of vehicles,

19
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X, which will successfully complete deployment is binomially dis-
tributed with an expected value
E(X) = n x R(m)
where n is the number of vehicles operational at deployment.
The number of vehicles expected to be operational at deploy-
ment can be determined using the relationship:
E(n) = £ x OR
where f is the total number of vehicles in the fleet.
Returning to the sample problem we first assemble the re-

quired data during a major training density. This data is given

in Table 1.

Table 1. Fleet reliability data.

Vehicle type Fleet Miles (M) Failures (r) OR
M109A2 4231 3 937
M548 3563 5 867
M520 2298 6 827

Based on this data we compute the number of vehicles expected to
arrive at the initial combat locations 180 miles from garrison.
The results are provided in Table 2.

Table 2. Expected vehicle arrivals.

Vehicle Fleet Number Mission Number -
Type Size Deployable Reliability Arriving A
M10942 18 17 .880 15 xj
M548 18 15 777 12 A
M520 18 15 .625 9

Having determined the maximum capacity of each vehicle type

and the number we expect to arrive at the initial combat

locations we can compute the amount of ammunition expected to be
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available in the initial combat locations.
II.3 Expected Available Ammunition
The expected available ammunition is computed in Table 3.

Table 3. Expected available ammunition.

Vehicle Number Type
Type Max.Capacity Arriving Vehicle Total
M1094A2 34 15 510
M548 106 12 1272
M520 192 9 1728

Unit Total 3510

It must be emphasized that this amount is only an estimate
which we will use as a constraint on our ability to engage
targets. Once we have determined what targets we should engage
and the amounts of ammunition required to support these engage-
ments within the expected available amount, we must reconsider
how to load the desired ammunition mixture on the available

vehicles. This will be discussed in Chapter IV.
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III. DETERMINATION OF OPTIMUM AMMUNITION TYPE MIXTURE

Within the total expected amount of available ammunition our

ultimate objective is to maximize the decrease in enemy combat

power. Our ability to accomplish this objective will be limited
by:

1. The number of each type of target acquired 7‘;

2. The amount of expected available ammunition.
The situational nature of the target array and the relative
values of acquired target types that will allow us to quantify :ﬁ;
the decrease in enemy combat power force us to make reasonable
estimates for some variables; no better information is available. ]
The result we seek in this analysis is the proportion of each type ;;;g
of ammunition within the total expected available amount that
yields optimum results in combat. Once we have determined these
proportions we must return to the loading problem and maximize the =iad
total amount loaded constrained now by vehicle capacities and the

optimum proportion of types for our combat situation.

III. 1. Expected Targets l;é
3 The expected targets that will be present on the

battlefield, based on the threat analysis of our area of .if?

T

operations, are determined directly from references which list

et

the organization, equipment and tactics of Warsaw Pact forces.

The targets which will be considered are listed in Appendix F.

The number of target types considered is limited by reasonable
estimates of:
1. Range

2. Acquisition probability

3. Target importance.
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We want to consider engaging any target which may contribute to
the enemy combat power. However, even though we know that a
mobile field bakery will be on the battlefield it will probably
be out of range, its probability of acquisition is practically
nil, and its importance during the first 36 hours of combat is
minimal. Adding this target will only confuse the analysis. The
size of target depends on Soviet tactics and corresponds to the
size we would expect to acquire in combat. For example, maneuver
units disperse a platoon over 250 meters, artillery batteries
emplace in a 300 meter line formation, and air defense artillery
weapons (ZSU-23-4) are employed in pairs within a 150 meter
radius. With these considerations in mind, we establish the list
of target types to be considered for engagement.

Our ability to engage targets will be limited by our ability
to accurately acquire targets on the battlefield. The target
acquisition assets at our disposal range from forward observers
equipped with binoculars to data received from the all source
intelligence center (ASIC) which may be based on satellite photos
and electromagnetic intercepts. The capabilities, limitations,
and orientation of each source will determine the expected number
of each target type acquired. In the case of the forward
observer we expect to acquire most targets within 3 km of the
FEBA and the probability of acquisition of the Q-36 counter
battery radar is well documented. The aerial observer's (AO) and
ASIC's probabilities of acquisition can only be based on estimates
made by each AO and the chief of the ASIC. By multiplying the
expected number of targets by the probability of acquisition, we

determine the expected number of each target type acquired.
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ITI. 2 Expected Range Distribution

The range to each target will be a function of acquisition
distance and positioning of friendly artillery batteries. These
data are included in Appendix G. Since our positions will be
located 5-7 km behind the FEBA and Soviet doctrine predicts a dis-
position of forces we determine an expected range distribution or
more correctly the statistical range of expected target ranges.
Our objectives here are to determine what targets will be out of
range, which targets must be engaged at extended range requiring
RAP, and the appropriate mixture of propellant types to support
engagements of all targets which will be engaged.

Assuming a normal distribution of each target type's range,
the statistical range is:

Range = Maximum Expected Range - Minimum Expected Range
The standard deviation of each distribution may be estimated by:

Standard Deviation = Range
and the mean by: __Kg—
Mean = Minimum Expected Range + Range

Having determined the parameters of the distribuiion the standard
normal variable, Z, can be determined:

X - Mean
Z = Standard Deviation

where X is the normally distributed variable of interest, in our
case the range limits of each propellant type. By referring to a
standard normal table, we can determine the proportions of pro-
pellant type to support engagements of each target type.

Applying the results of these computations to the expected

acquired target quantities we find that several targets will be

R4
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acquired at ranges beyond our capability, and several long range
targets must be engaged with rocket assisted projectiles (RAP)
rather than with a more effective projectile. This information is

included in Appendix H.

I11. 3 Relative Target Values
Recalling that our objective is to maximize the decrease in
the enemy's combat power and that the importance of each target

is situational we must quantify the relative values of the avail-

able target types. Any calculation which includes only the fire-

power of weapons systems is clearly inappropriate since the

situation is not considered and non-weapon type targets, radars,

I

headquarters, etc., will have no value. An estimate made by one

individual, no matter how skilled or experienced, will not reflect

. ;

the different situations impacting on target importance across

'1l
A

the brigade's 15 km sector. While we have no group of target

o agr e . .
B s L%
N ML -

o et et R .

value assignment experts, we do have individuals who understand

both the general brigade plan of operations and are intimately

familiar with a specific aspect of the threat or enemy disposi-
tions in a small area. By designing a Delphi method to assign
values to each target type, conflicting opinions can be reduced
while ensuring that the most accurate reflection of target values
across the brigade sector are determined.

The battalion operations officer, in charge of controlling
the process, would determine the most qualified experts from each 5
of several groups: fire support officers, forward observers,
battery commanders and operations/intelligence officers. Each T

expert would be required to review current combat plans and




.................................

N

. threat estimates as well as the doctrinal information regarding
target selection. Each expert would then be asked to assign a
value to each target type under consideration relative to a
2 common target with a fixed value; i.e. "Given the combat
situation assume that the combat importance of a tank platoon is
. 100. Assign values to the other listed targets in the situation
faced by the unit you support. Thus if you consider an artill -~y i~
battery twice as important as a tank platoon assign it a value of
200." Additionally, the maximum possible value should be
& established to limit the range of responses.

While all respondents should assign values to all target
types, the controller should consider responses based ol his

knowledge of the respohdent. A company level FO cannot reliably

' -
3 estimate the value of an opposing force division headquarters but %ﬁ
;:: can assess values of maneuver targets expected in his company Ef
é- sector. The controller then determines the median value and the ;35
.i values of the quartile limits. This information is then provided gﬁi.
 § to the respondents who reconsider their initial values, assign a i
ei: revised value to each target type, and provide a reason for any i;ﬁ
;a value assigned outside the quartile limits. if
: The controller determines the new median and quartile values E;

as well as summarizing any key arguments proposed during round
» two and returns this information to the respondents for a final ;f}
revision. This process could continue until the range of values

T does not decrease from one round to the next. However in this fF
- case continuation beyond the third round is probably unnecessary.

In most applications the Delphi process attempts to determine .

an agreed upon median value. While this is true of some of the

..‘ b‘.'
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B targets we are considering (division headquarters, multiple

A rocket launcher), some target values will vary across the brigade
- front. A dismounted infantry platoon in a heavily wooded sector
will be a much more important target than the same platoon in an
area where targets can be spotted at a distance of 3000 meters.

- In this case it would be more appropriate to compute and use a

mean relative target value.

The importance of the controller in this procedure is obvious

since he must decide which responses are valid and interpret the i;

- data to determine the accepted relative target value. While this "?y
process has not been tested in an actual unit there are no other k
reasonable methods of assigning values in this situation. Sample ?;

? round one experiments,'using a sample of three experienced Army =
ff officers, show that the relative values assigned on round one will i;ﬁ
o be within + 20 on most targets and that the relative value order ,ﬁJ
i of targets will be similar. Assuming that we have completed iﬁ

this process, the relative target values for each target type are

given in Appendix I.

o III. 4 Engagement Level and Target Effects

S In addition to deciding which targets to engage, we control

the number of rounds that will be expended on each of the acquir-
ed targets. While we can determine the expected percent of

N casualties and/or equipment destroyed from the JMEMS or TACFIRE,

f& the percent casualties does not translate directly into a percent

reduction in combat power. If we fire a few rounds at a target,

ﬂj we will obtain no casualties but the target will certainly

disperse and seek cover reducing its combat power for a short
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time. Conversely, we need not cause 100% casuslties to make a
unit completely ineffective in combat. The relationship between
ammunition expenditure, percent casualties and target combat

power for a hypothetical target is shown in Figure 3.
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Figure 3. Relationship of casualties, combat
power and ammunitlion expended

Since we are considering an area type target, initial rounds
cause no casualties. Once sufficient coverage of the target is
atteined, casualties are caused but the rate of casualties
decreases as vehicles and personnel disperse and teke protective
measures. Combat power decreases sharply as initiel rounds are
received. I expenditure continues, casualties and vehicle
damages occur until the remaining personnel and vehicles can no
longer perform a combat mission effectively.

While the inflection points on the combat power curve or its
parameters cannot be determined, historical analysis of units in
combat indicates that:

1. Units suffering 30% casualties will be combat

ineffective over the long term.
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2. Units suffering 10% casualties will be ineffective for
a short period and then continue combat at a signifi-
cantly reduced effectiveness estimated at 707 of their
original effectiveness.

3. Units receiving low volume fires will be ineffective
only while receiving fires and then continue more
cautiously resulting in an estimated 5% decrease in

offensive effectiveness.

I11.5 Ammunition Costs

We have decided which targets should be considered for
engagement and the possible levels of engagement for each target.
Recognizing we will be limited by the amount of available
ammunition, we will fire the most efficient shell/fuze combination
at each target type. Suppression (S) of actively firing targets
requires expenditure of six HEVT rounds reducing target combat

power by 5%7. Engagement to limit (L) produces 10%Z casualties and

a 307 decrease in target combat power. Destruction (D) produces
30% casualties and renders the target combat ineffective. Having
directly related casualties to combat power, the ammunition cost
to limit or destroy a target's combat power can be determined
directly from the JMEM or TACFIRE. Due to classification of
actual values approximate ammunition requirements, or costs, have

been assumed and are included in Appendix I.

ITI. 6 Maximizing Artillery Combat Effectiveness
All information required to formulate a linear programing
problem which will determine the composition of the UBL which

maximizes the decrease in enemy combat power described in terms

29
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of relative target values is now available. The LP formulation

for our sample situation is given in Appendix J.

The decision variables in the objective function are the
number of engagements that should be made against each target
type at a specific level of engagement. The first letter of each

decision variable indicates the level of engagement, suppress,

limit, or destroy, followed by the target type code. Long range

targets which must be engaged with RAP, the last eight terms in

the objective function, are indicated by "L" following the target

type code. iﬁj
The MOE which we have specified, the decrease in enemy combat h.d

power as a result of UBL expenditure, is reflected in the ;;i

objective function which is the sum of the combat power decreases
resulting from engagement of each target type. The coefficients

of the decision variables are determined directly from the

relative target values and the analysis of target effects:

suppression decreases the relative combat value by 5% or .05 x

relative target value, engagements to limit degrade combat effect-
iveness by 30% or .3 x relative target value, and engagements to
destroy eliminate the target's relative target value.

Our ability to maximize the decrease in enemy combat power
is limited by the number of acquired targets of each type and the
expected amount of available ammunnition. Constraints 2 through
22 and 32 state that for each target type the total number of
engagements of that type must be less than the number acquired.
For target types that may be engaged with RAP two constraints are
necessary to ensure we do not engage targets at long range with

other munitions, for example constraints 13 and 14.
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Constraints 23 through 30 reflect the fact that the amount
of each ammunition type required to support the selected engage-
{- ments equals the sum of the products of ammunition costs times
the number of each type engagement. One constraint per

shell/fuze combination is required. The constants in constraints

24 and 25 reflect the shells required to support the maneuver
commander's special ammunition requirements for smoke (HC) and
FASCAM. Constraint 31 specifies that the total number of rounds
fired must be less than the total expected amount of ammunition
available. These constraints, 2 through 32, will limit the value
of the objective function.

The remaining constraints will not influence the value of
the objective function but are included to provide a direct
solution determining the proportion of each type of component to
be loaded. Constraints 33 and 34 compute the number of different
propellant charge types needed to support the engagements selected
based on the expected range distribution of the targets. The co-
efficients of the variables are determined by multiplying the
ammunition cost times the charge selection percentage determined
- in Appendix G. Constraints 36 through 39 determine the number of
fuzes by type to complete the selected engagements. Constraints
40 through 53 merely determine the percentage of each type
component within the expected available amount of ammunition.

The solution to the LP will tell us:

1. Which targets should be engaged

2. The amount of ammunition by type to support these

F; engagements
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3. The proportion of each component type that should be
included in the UBL.
By applying the optimal proportions to our initial attempts at
maximizing the use of vehicle capacity we can determine the
amount and type of components to be loaded on each vehicle.
I1I. 7 Analysis of Solution

As expected, the computer solution, Appendix K, provides the
proportion of each type of ammunition that should be loaded to
maximize the decrease in enemy combat power. Noting that we have
53 constraints in the LP formulation and only 47 non-zero variables
in its solution, we realize this solution is degenerate. We know
that alternative solutions exist which will yield the same value
of the objective function.

An examination of the sensitivity analysis shows that any
decrease in the coefficient of ST will result in a different
optimal solution while any increase in the coefficients of LID or
LMORT will change our solution. While we cannot predict a unique
optimal solution will result if we change the values of any or
all of these coefficients we can gain valuable insight into the
importance of the relative target values and ammunition costs to
the optimal solution. If we compute the ratio of target value to
amnunition cost for engagements ST, LID, and LMORT we find that

they are equal. In essence, the relative target values we have

specified state that we are indifferent among the following three

> ~.x
¢ <F

SO,

options:

1. Suppress 4 2/3 tank platoons with a total of 28 rounds

R
T

'?QJ’

2. Engage to limit 1 1/6 infantry platoons with a total of

28 rounds
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- 3. Engage to limit 1 5/9 mortar platoons with a total of
28 rounds.
Each of these alternatives will result in an equal increase in
the value of the objective function. This result is consistent
with the zero reduced costs specified for LMORT and LID.
Unfortunately degeneracy limits the usefulness of the
sensitivity analysis. If we are truly indifferent between
options involving variables with a zero allowable increase or
decrease in objective coefficients the LP solution is valid. If
not, we must change objective function coefficients appropriately.

When a non-degenerate solution is produced the reduced costs in-

dicate the change in coefficients required to produce a revised

iy e,
AT AC L

optimal solution which will make that variable positive. This in-
formation is invaluable in reviewing the relative target values
determined via the Delphi procedure.

In any case, we have determined the optimal proportional
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mixture of ammunition types which should be included in our UBL.

We will now reconsider the maximum use of vehicle capacity.

o A o

I11I. 8 Application of Proportional Requirements

Lo

Obviously, we could simply reformulate the maximum capacity

LP's, Appendices D and E, using the exact dimensions for each iﬁ
component type with additional constraints to ensure that the fﬁ
desired proportions are attained. However, we will be faced once AE
more with the fractional solution produced by a non-integer ?ﬁ
solution method. Given our desire to maintain a uniform distri- lﬁ§
bution of component types across the vehicle fleet, we will be ;E
forced to distribute components based on immediate considerations ;?g
A
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which cannot be addressed in any quantitative method.

A new series of LP formulations can only provide a point of
departure for determining specific vehicle loading plans. However,
we already have an acceptable point of departure; the estimated
maximum capacity of each vehicle type and the desired proportional
mix.

By multiplying the maximum estimated capacity by the
percentage mixture of each type component we can estimate the
optimum load for each vehicle type. The results of these
computations are given in Appendix L. To meet the equal distri-
bution objective we must load single rounds and we still face the
problem of deciding where to load fractional rounds. The exact
location of loading will be determined not only by capacity but by
considering how closely we must adhere to our proportion mixture
desires, our desire to not load single components, as well as when
we expect to fire the majority of each component type. By giving
priority to loading only full pallets we can easily find a load
configuration which does not exceed our vehicle capacity while
approaching the desired equal distribution. Next we must load the
components on each vehicle type to determine their exact location
and ensure that vehicle capacities are not exceeded. Any remaining
space can then be filled with single components, if we decide that
is feasible, adding slightly to our total capacity and increasing

our overall unit effectiveness.
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IV. IMPLEMENTATION
Iv. 1 Constraints on Implementation

While every unit has key personnel capable of applying this
quantitative method without fully understanding the LP solution,
no computerized LP solution program is readily available to field
units. As explained previously, the maximum carrying capacity

can be determined experimentally with acceptable accuracy. How-

oy

ever manual solution of the LP which maximizes the decrease in

enemy combat power would require additional training and its

b

solution would be time consuming. If an alternate manual solution

method can be developed, no other obstacles to implementation are .]

expected. ;%
.

IV, 2 Benefit/Cost Relation of the UBL Problem.

In the sample problem solution we found that the solution

was degenerate and that one of three decision variables could be
positive and result in the same value of the objective function.
If we compute the ratio of the coefficient of each variable in

the objective function and ammunition required for each engage-
ment, we find that this ratio is the same for the three variables
LID, LMORT, and ST. Additonally, a review of the LP solution
indicates that all targets of some types are engaged completely at
a single engagement level while other targets are neglected
completely. By computing the ratio of the engagement coefficients
or benefits and ammunition costs, shown in Appendix N, we see that
the engagements selected in the LP solution are, in general, those
with high benefit/cost ratios.

Consider for a moment a simple economics problem. We wish

LI
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to maximize our profits or benefits constrained by our total

budget. Additionally we are constrained by the maximum amount

we can invest in each of several possible alternatives. Obvious-

ly to maximize profits we will:
1. Spend the total budget
2. Invest first in the alternative which provides the
greatest return per unit investment up to the limit

for that alternative

!f‘
TR S
S T B A A
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3. Continue to select alternatives and invest completely o

in them until no money remains

L 5

be Not invest in alternatives with low returns on our
investment.
The similarity of the UBL problem to this example is apparent.
Iv. 3 A Heuristic Solution.
The LP is formulated in such a way that application of a few

rules and computations will allow its manual solution. The

manual solution will not only approach the optimal computer

solution it will yield identical values for the decision

variables. The manual solution to the sample UBL problem is

given in Appendix O.

The target with the highest benefit/cost ratio, SBCP, is -
selected first, and the maximum number of engagements is
conducted. The ammunition required is subtracted from the amount
available and the target with the next highest benefit/cost ratio
is selected. The process continues until no ammunition is avail- .;i

able to engage more targets. If a new engagement level for a .fi

target which has previously been engaged is considered *he

engagement levels must be compared. In the case of DBCP, the




level of engagement increases contributing more to the value of
the objective function. The SBCP engagements are canceled, the
ammunition for SBCP credited to the remaining total, and DBCP
selected for engagement. Later in the analysis we encounter LBCP.
The level of engagement here is lower than DBCP which has already
been selected so we do not cancel DBCP and let LBCP be zero.

The manual solution in Appendix O does not include computation
of ammunition type proportions or powder mixture. These values
can easily be determined manually once the values of the

decision variables have been found.

IvV. 4 Summary of Solution Method

A quantitative method that provides a solution to the UBL
problem which can be implemented in active duty units has now been
determined. The key steps in determining an optimum UBL are:

1. Assemble basic data.

a. Maximum capacity for each cargo vehicle in
complete rounds

b. Expected number and range distribution of each
target type

c. Average OR rate

d. Number of failures and total fleet mileage by
vehicle type during a high usage period

e. Ammunition costs to suppress, limit and destroy
each target type expected.

2. Determine relative target values for all expected
targets by the Delphi method.

3. Compute the total expected amount of available
ammunition.

b Compute the target effect/ammunition cost ratio for

ke
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each expected target.
5. Select targets for engagement beginning with the high-

est ratio and continuing until the expected amount of

available ammunition is expended.

oo
PP

6. Compute the proportion of each type of ammunition

B

.‘.‘,x!}-', .
Lo sl 3
_;1L. S

component required to support the engagements selected.

7. Determine the point of departure load plan for each

Tt
PR SS WS

vehicle type.

8. By experiment, finalize exact amount and loading

location for the UBL.

As in all quantitative methods, a solution has been produced
based on the best available information. This solution éoes not
constitute an operational decision, but merely provides infor-
mation upon which a sound decision may be based. Particularly in
this situation, considering the method of assigning relative
target values and their importance to the solution, sound judge-
ment must be applied. While the manual solution does not provide
a sensitivity analysis per se, the impact of the benefit/cost

ratio on the solution gives a great deal of information to the

decision maker. He can easily determine how much the ratio for a

target not selected must increase to allow selection and what

decrease will cause non-selection.
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V. RESULTS AND CONCLUSIONS
V. 1 Implementation Costs

The availability of a manual heuristic solution method

minimizes the cost of implementation. Vehicle and ammunition o

‘-""A“L

dimensions are tabulated and available, and reliability data may
be determined concurrent with regularly scheduled training éﬁ
activities. The only cost of implementation is the training time o

that must be spent to 1) determine relative target values via the

Delphi method 2) compute required data, ammunition costs and

would spend considering the UBL problem using a less systematic

range distributions, and 3) analyze recommended UBL composition. lﬁ
The costs in training time for these activities are estimated ”i
bellow: “?
Table 4. Training time cost of implementation. ﬁ;

Position Activity Time Required ii
Battalion Commander Analysis of results 6 hours ,ﬂ
S2/83 Data compilation, 40 hours ﬁt
Delphi control, and cal

computation Peg

FDO Ammunition cost 6 hours -
computations P

FSOs/F0s/BCs Delphi method 3 hours each/ =
participants 108 hours total :};

The commander's analysis time is equivalent to the time he f:i

-

approach. The activities of the FDO are easily completed con-
current with normal TACFIRE sustainment training. The effort

required by the FSO's and FO's in completing the Delphi method

o
S ST
PR
RTINS, '

analysis may be combined with required study and briefings on

n
-

unit contingency missions which, while reducing the time cost of .Q

the UBL problem solution, will improve the accuracy of the Delphi
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method. The only time cost far above normal requirements is the
time that must be spent by the S2/S3. Considering the benefits
that will accrue from application of the method this cost is
minimal.
V. 2 Implementation Benefits

It may be tempting at this point to accept the UBL mixture
of ammunition types given by the LP as the optimum mixture for a
specific situation. A review of the procedure shows that the key

factors in selecting targets for engagement are the relative

target values of different target types, how casualties are ex-

pected to affect target combat power, and the ammunition cost for
Eﬁt engagement. While we can determine the amount of ammunition re-
AR quired to cause a certain percentage of casualties and equipment

damage with relative certainty, we can only estimate what impact

casualties will have on an enemy target and what effect each
engagement will have on the outcome of combat. The state of the
art of target value assessment is not sufficiently advanced to
give us a great deal of confidence in the results of any procedure
which relies so heavily on the relative target values. If we
cannot blindly accept the results of this time consuming procedure,
what are the benefits?
The quantitative approach to the UBL problem produces two
primary benefits:
1. It ensures that all factors impacting on the problem
and its solution are identified and examined in detail
2. It allows a greater understanding of what factors are
critical to an artillery unit's success in combat, and

how the UBL selection affects unit performance.




E The battalion commander, who makes the final decision on the UBL T

composition, must consider all the factors influencing basic load 'fi{

"I‘JI‘

selection, analyze the recommended quantitative solution and s

determine the mixture that will best accomplish his unit's mission

o

in combat. By examining the benefit/cost ratios for target
engagements he can readily determine the change in relative 43
target value needed to cause a target to be selected for engage-
ment. In addition to providing information specific to UBL
-, selection, the quantitative method provides data on vehicle re-
liability and target acquisition capabilities that he may not
have previously considered separately. Once the importance of
. these factors to his combat effectiveness is recognized, he may
decide that additionallanalyses of those areas are required.
Obviously the UBL is not the only factor influencing
artillery unit effectiveness in combat. We have assumed in this
N analysis that all targets will be located accurately and that the
. unit is capable of delivering munitions on target when acquired.
The vast majority of training time in artillery units is spent to
ensure that accuracy and timeliness standards can be met. However, ;;Qf
in a combat situation where we are limited by the amount of ammu- ;;3;
: nition available, target selection, munition selection and level of
engagement selection are of the utmost importance to unit effect-

iveness. Since these factors are difficult to assess in training,

L
R
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very little training time is allocated to their consideration. —

.

The quantitative method for determining the UBL places

primary emphasis on these critical but often neglected con- -
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siderations. Each participant in the method, particularly the s
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FSO's, FO's and FDO, must consider relative importance of targets
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and the ammunition type and quantity for engagement. While the
quantitative method will assist in determining the best UBL for

the combat situation, the knowledge and insight gained by the

participants, who must make combat decisions as to both how and

which targets should be engaged, will improve combat effectiveness

1
1
<
:
»id

no matter what final UBL composition is determined.

V. 3 Areas for Continued Research
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Considering the critical importance of target values to
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artillery effectiveness, the information available in the field

is woefully inadequate. Commanders in the field are left to

determine what level of casualties are desired on each target

Gl

type with very little information concerning how those casualties
will influence the outcome of the battle. Continued efforts in
the area of target value assessment, utilizing computer assisted
simulations, and the effects of casualties on unit performance
based on historical analysis, are needed.
V. 4 Conclusion

While it is impossible to quantify the wide ranging benefits
of applying the quantitative method for determining the unit

basic load, they are indeed substantial and, more importantly,

relevant to an artillery unit's success in combat. Considering ;;
the minimal cost of the method in training time, every artillery ki
unit with an active combat contingency mission should apply the -1
quantitative method to reconsider their basic load composition. ;4

Even if it is decided that no change in the UBL composition is

warranted, the training benefits which result from application of )
the method may prove to be the margin of success in the event of

hostilities.
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Appendix A: Characteristics and Effects of 155 mm Ammunition.

A complete round of artillery ammunition includes four inter-
changeable components: fuze, projectile, propelling charge and
primer. To fire a round, one of each component is required. The

howitzer crew threads the fuze into a machined recess in the nose

of the projectile. The projectile and fuze are then rammed mechan-
ically into the cannon bore so that the rotating band engages the
rifling of the cannon. The correct type and number of powder in-
crements are then placed in the breech behind the projectile and
the breech block is closed. The primer is placed in a firing lock
in the breech block. When the primer is fired it ignites the pro-
pelling charge which propels the projectile out the muzzle of the
cannon. |

The primer used is determined by the type firing lock of the

weapon system. Only one type primer is used for any weapon system.
Since each primer weighs about 2 ounces and is the size of a rifle
shell its impact on the UBL is negligible.

Three types of propelling charges or powders are available for
use in the 155 mm howitzer commonly referred to as green bag, white
bag and Zone 8. The type powder and number of increments to be fired
is determined based solely on gun target range. With computerized ;é
data computation, the charge which produces the least possible range |

probable error will be selected. However, except at the extreme end

of a charge's range capability the increase in range probable error
is minimal, resulting in an overlapping of acceptable ranges for the
various charges. The optimum ranges for each powder type are:

Green bag, M3 1600 - 9,000 meters

White bag, M4 4600 - 14,000 meters
Zone 8, M1191 9800 - 18,100 meters
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Targets out to 18,100 meters can be engaged with all types of

shell/fuze combinations. Targets from 18,100 to 23,500 meters can
be engaged only with the rocket assisted projectile described
below. .

The shell/fuze combination determines the effects of the
round on the target. Special effects shells are those which do
not primarily produce direct personnel or materiel damage. Special
effects shells include: field artillery scatterable mines (FASCAM),
illumination (ILL) and smoke (SMK). Each of these projectiles uses
a single type of compatible fuze. Casualty producing shells in-
clude convential munitions, which are steel shells filled with an
explosive element, and improved conventional munitions that release
explosive submunitions.

There are three conventional munitions: high explosive (HE),
rocket assisted projectile (RAP), and white phosphorus (WP). The
HE and RAP projectiles are filled with TNT and may be fuzed with
either a point detonating (PD) fuze causing a ground burst or a
time fuze, mechanical (MT) or proximity (VT), causing an air burst.
Casualties are produced by fragments of the shell casing. RAP
target effects are similar to HE effects except that the RAP allows
engagement of targets at extended range. WP causes materiel damage
by spreading burning pieces of phosphorus on the target area ignit-
ing flammable substances. It is always fired with a PD fusze.

Improved conventional munitions include antipersonnel
(APICM) and dual purpose (DPICM) rounds. APICM disperses frag-
mentation bomblets on the target area causing personnel casualties.
DPICM disperses a combination of antipersonnel fragmentation and

anti-vehicle shaped charge bomblets. Both APICM and DPICM use a

IR
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mechanical time fuze only.

In addition to_these standard components, a variety of other
nunitions are available which are not considered in the UBL
computation. Nuclear and chemical projectiles are available but
they are not included in the UBL due to the strict control of
their employment and transport. Terminally guided projectiles are
now being produced but worldwide fielding is not projected for
several years.

Until fielding of terminally guided projectiles, artillery
remains an area fire weapon. Target effects depend on the
dispersion of fragments or submunitions on the target area. While
projectiles are designed to maximize their effects, a single shell
has a very low probabiiity of causing any target effects. Con-
sequently, a large number of shells must be fired to produce a

significant level of damage, especially against armored targets.
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Appendix C: Ammunition Carrying Vehicle Capacities

M109A2, 155mm Self-Propelled Howitzer:

——
P v.'

Preconfigured internal ammunition racks
Maximum capacity: 34 complete rounds

M548, 6-Ton Tracked Cargo Carrier: ;:i
Weight Capacity (Highway) 9 tons Eff
Cargo Width 80 in. BN
Cargo Length 102 in.
Floor Space 8,160 sq. in.

M520, 8-Ton Cargo Carrier:

Weight Capacity (Highway) 12 tons
Cargo Width 96 in.
Cargo Length 189 in.
Floor Space 18,144 sq. in.

1 1/2-Ton Ammunition Trailer:

Weight Capacity (Highway) 2.25 tons
Cargo Width 54 in.
Cargo Width 54 in.
Wall Height 36 in.

Cargo Volume 104,976 cu. in.
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KX Appendix D. An LP Maximizing M548 capacity
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Appendix E. An LP Maximizing M520 Capacity

-Maximize number of projectil---
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3
N ~ax N
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- Appendix H: Expected Long Range/Out of Range Targets

Target Number
Type Acquired

Percent
RAP

ATM 4
LOG 15
FAT 10
FSP 10
SSM 1
MRL 1

.......

.50
45
.19
.02
.09
-58

Number

Percent Number
out of out of

Range  Range

.06
.05
.00
.00
N
.01

o000
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Appendix J. An LP Maximizing the Decrease in Enemv Combat Power

Reduction in relative target value
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Appendix K: LP Solution and Sensitivity Analvsis :"':-
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RANGES IN WHICH THE BASIS 1S UNCHANGED
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Appendix L:

M109A2: Maximum capacity 34 complete rounds

Component

Projectiles

Powders

M548: Maximum capacity 106 complete rounds

Component

Projectiles

Powders

M520: Maximum capacity 192 complete rounds

Components

Projectiles

Powders

.......................

.-

Estimated Optimum Load

Proportion

Bt S A AN AR B B A AR NG AN MM S

Estimated number el

«33
.09
.02
«52
.04
«21
.65

14

Proportion

Estimated number

t P TR T
AN R I
. S e
Y e s
Vo PR R
af . AT e .

11.22
3.06
.68
17.62 S
1.3 A
T.14 =4
1

*

e
PREPARL N

22.10
4.76

Coa g
!_' P /1"‘.',1 '{l'. e

.33
.09
.02
+52
004
.21
.65
<14

Proportion

Estimated number

34.98
9.54
2.12

55.12
424

22.26

68.9

14.84

PR

.33
.09
.02
«52
.04
.21
.65
-14

AR LY

P )
et A e L,

124.80

.............

...............

63.36
17.28
3.84
99.84
7.68
40.32

-

26.88

. RIS .
S e - I R S I -
TS VT NP WU SR WA P UL WU, WAL WA, V. WO, ) SLIPULAERE WP S TR W SR, MO WAL I B0 V]




Al T = W vy - -
1 A0 it Ate o A S i darscaia-prpiacant shacani ptianC SNl el I A At Al Sel A eSS o RSt A A A e

- Appendix M:  Optimum Loading Point of Departure

M109A2: 34 projectiles, 24 powders

) DPICM 11 S
- FASCAM 3 S
- RAP 1
HE 18 i
HC 1 =
GB 8
WB 8 =
Z8 5 o
R
]
3 M548: 104 palletized projectiles, 106 powders 7_1
ot DPICM 4 pallets
x FASCAM 1 pallets
. RAP 0 pallets
{ HE 7 pallets -
oo HC 1 pallet
GB 11 canisters
WB 69 canigters
Z8 15 canisters

M520: 192 palletized projectiles, 192 powders

DPICM 8 pallets

FASCAM 2 pallets

RAP 1 pallet
ok HE 12 pallets
ne HC 1 pallet
e GB 20 canisters
- WB 125 canisters

=~ Z28 27 canisters




a

T

bt e e S S

Ll A Aot o

'

LAHH 0¢ L 8L" 09 6€ ¥ydoT1 6
WOIdV oclL g £8” Y2 Q< a1t
LATH 09t 49 £8° 9 g LS
aQddH o%e L £8° oYz 00¢ d24a
WOIdVY YA 8 £8° 81l gl LJUONWT
dVy ove L £€8° oYz 00¢ TITHWA 8
addi¥H oY¢ 6 06° 09 Yq dod71 L
HWOIdd 4" 8 L6" Yad! oY1 LVda 9
dddH 0291l 6 00°1 08t o8t d04dd
aQd4H 09 L 00°1 09 09 dJ¥T1
dvy 09 l 00°1 09 09 TTYWT 6
Ad4H 09 l 80°1 0¢ VAY HICE: i 4
Wo1dd 887¢C g Liti 9¢ A/ LVJAT
LATH 8Y 8 Ll 9 L Ivds ¢
LAYH 09 ot €et 9 8 dSdS ¢
OH Yq 6 0¢°1L 9 6 dod4s 1
adA] peainbey squameadBsUg 0/4d 1800 41Jausaqg odA] Yuey
uoTqTUNUMEY UOTQTUNUEY TBIOJ # unuIxBey q93aw]

Sutyusy of3®Y 3809/} TJoucg

!N xtpueddy




Appendix O: Heuristic Solution

Rules for application:
1. Select target with the highest B/C ratio.

2. Engage all available targets at that level, reduce
total available ammunition.

3. Continue selecting targets for engagement until no
ammunition remains.

VAR If the target being considered has already been engaged
at a lower level, cancel the lower level engagement
and engage at the higher level.

5. If the target being considered has already been engaged

at a higher level do not consider engagement at the
lower level.

Inital amount of available ammunition:
3510 - 150 HC - 330 FASCAM = 3030

Example Solution:

Step Decision Ammo calculation Status
1 SBCP 3030 cancel
- 5%
297
2 SFSP -60
2916
3 LFAT -288 cancel
Reject SFAT 2628
4 LREC =50
2578
5 LMRLL -60
2518
6 LRCP -60
2458
7 DBCP/cancel SBCP -1620
r 54
892
8 DFAT/cancel LFAT -1152
+ 288
+ 28
9 LBCP Not considered
10 ST (4 2/3 engaged) - 28
0
68
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; Decision Variable Values Determined
i Decision Variable Value
SFSP 10
LREC 1 v
LMRLL 1
LRCP 1
DBCP 9
DFAT 8
ST 4L 2/3
Note: The values of these decision variables are identical to

those of the LP solution. The amount of ammunition by
type to conduct these engagements and the proportion
of each type within the total available amount can be
determined manually.
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Appendix P:

Daniel J. Bonney
096-46-4909

1181 East Sherman Avenue
Salt lake City, Utah 84105
(801) 467-9233

EXPERIENCE:
June 1983 - May 1984

April 1982 - May 1983

August 1980 - March 1982

May 1978 - July 1980

January 1976 - April 1978

EDUCATION:

.........

---- ——ry

Battalion Operations Officer

Baumholder, West Germany

Planned and supervised execution of the
battalion training program, formulated
unit combat operations contingency plans.

Division Artillery Duty Officer

Baumholder, West Germany

Compiled unit readiness reports, wrote
annual and quarterly training guidance,
controlled field artillery fires using
automated fire direction computer.

Battery Commander

Baumholder, West Germany

Led and managed all activities of a
howitzer battery of 105 men including
personnel actions, training, maintenance
and supply.

Battalion Fire Direction Officecr

Ft. Lewis, WA - Baumholder, West Germany
Established gurnery system procedures
which allowed timely and accurate delivery
of fires.

Battery Officer

Ft. Lewis, WA
Artillery forward observer and battery
fire direction officer.

Currently pursuing degree in Master of
Engineering Administration.
University of Utah, 33 hours completed

Tacfire Fire Support Course

Grafenwoehr, West Germany 1982

Field Artillery Advanced Course

Ft. Sill, K 1979

United States Military Academy

West Point, New York B.S. 1975
70
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